Research Highlights: This study comprehensively revealed the carbon sequestration characteristics of secondary forests in the central Loess Plateau during vegetation succession. Background and Objectives: The secondary succession of Loess Plateau forests is of great significance in global climate change, but their carbon storage dynamics are poorly understood. The study objectives were to clarify the pattern of changes and contribution level of carbon stocks in various components of ecosystem during succession. Materials and Methods: We selected 18 plots for Pinus tabuliformis Carr. forest at the early stage of succession, 19 for pine-broadleaved mixed forest at the middle stage, and 12 for Quercus-broadleaved mixed forest at the climax stage to determine the tree, shrub, herb, fine root, litter, coarse wood debris (CWD), and soil carbon stocks. Results: Ecosystem carbon stocks increased from 160.73 to 231.14 Mg·ha −1 with the succession stages. Vegetation (including tree, shrub and herb) and soil were the two largest carbon pools, and carbon was mainly sequestrated in tree biomass and shallow soil (0-50 cm). In the early stage, soil contributed more carbon stocks to the ecosystem than vegetation, but with succession, the soil contribution decreased while vegetation contribution increased, finally reaching a balance (46.78% each) at the climax stage. Fine root, litter, and CWD contributed little (average 6.59%) to ecosystem carbon stocks and were mainly involved in the turnover of vegetation biomass to soil carbon. Conclusions: Our results provide direct evidence for carbon sequestration of secondary forests on the Loess Plateau. The dynamic results of carbon storage provide an important basis for forest restoration management under climate change.
Introduction
Forest ecosystem carbon storage accounts for approximately 56% of terrestrial ecosystem carbon storage, of which forest vegetation carbon storage accounts for more than 80% of global vegetation carbon storage and the forest soil carbon pool accounts for more than 40% of the global soil carbon pool [1] [2] [3] [4] . As the most important component of terrestrial ecosystems, forest ecosystems play an irreplaceable role in mitigating atmospheric CO 2 concentrations and regulating the global carbon cycle. Statistical evidence indicates that from 1850 to 1998, the global amount of CO 2 emitted due to land use change was as high as 136 ± 55 Gt C, of which 87% was derived from forest changes and 27.32% occurred in China [5, 6] . Therefore, the governments of China and other signatory countries are making efforts to protect forest resources, advocate afforestation and improve forest coverage to increase forest carbon sinks and mitigate global climate change [7] . Accordingly, in this paper, the study of carbon stock characteristics of the secondary forests in different succession stages on the central Loess Plateau includes not only vegetation and soil but also litter, CWD and fine roots to lay a foundation for fully revealing the carbon dynamics of secondary forests on the Loess Plateau. The specific purposes of this study are as follows: (1) to explore whether the secondary succession of forests on the central Loess Plateau is a carbon sink or a carbon source and determine the pattern of changes in ecosystem carbon stocks with secondary succession; (2) to quantify the C stocks of various components of the forest ecosystem; and (3) to clarify the contribution level of various components of the ecosystem carbon stocks.
Materials and Methods

Site Description and Plot Selection
The study was conducted in the Huanglong-Qiaoshan forest region (35. (Figure 1 ). The region belongs to a transition zone from a warm temperate semi-arid to a semi-humid climate at an elevation of 1100-1750 m above sea level [34] . The mean annual temperature is 8-9 • C, with a maximum in August and a minimum in February [34] . The mean annual precipitation is 588-630 mm [34] , of which approximately 70.4% falls between June and September [35] . The mean annual relative humidity is 63%-68% [33] . The mean annual frost-free period is approximately 180 days [35] . The soil is largely loessal, having developed from primitive or secondary loess parent materials, which are evenly distributed 50-130 m deep above red earth consisting of calcareous cinnamon soil [14] .
discussion of global C cycling [14] [15] [16] 33] . While most of these studies have focused on the vegetation and soil carbon stocks of secondary forests, there have been few studies on litter, CWD and fine roots, and to some extent, the carbon stocks of the entire forest ecosystem have been underestimated. Furthermore, there are few reports on the carbon distribution patterns of the entire forest ecosystem at different succession stages on the central Loess Plateau. Accordingly, in this paper, the study of carbon stock characteristics of the secondary forests in different succession stages on the central Loess Plateau includes not only vegetation and soil but also litter, CWD and fine roots to lay a foundation for fully revealing the carbon dynamics of secondary forests on the Loess Plateau. The specific purposes of this study are as follows: (1) to explore whether the secondary succession of forests on the central Loess Plateau is a carbon sink or a carbon source and determine the pattern of changes in ecosystem carbon stocks with secondary succession; (2) to quantify the C stocks of various components of the forest ecosystem; and (3) to clarify the contribution level of various components of the ecosystem carbon stocks.
Materials and Methods
Site Description and Plot Selection
The study was conducted in the Huanglong-Qiaoshan forest region (35.4795°~35.6118° N, 109.2048°~109.5322° E), which is located in the Ziwuling mountains of the central Loess Plateau of China (Figure 1 ). The region belongs to a transition zone from a warm temperate semi-arid to a semi-humid climate at an elevation of 1100-1750 m above sea level [34] . The mean annual temperature is 8-9 °C, with a maximum in August and a minimum in February [34] . The mean annual precipitation is 588-630 mm [34] , of which approximately 70.4% falls between June and September [35] . The mean annual relative humidity is 63%-68% [33] . The mean annual frost-free period is approximately 180 days [35] . The soil is largely loessal, having developed from primitive or secondary loess parent materials, which are evenly distributed 50-130 m deep above red earth consisting of calcareous cinnamon soil [14] . The zonal vegetation is warm temperate deciduous broadleaved forest, with Quercus acutissima Carruth. and Quercus wutaishanica Mayr. as the dominant species. In the early stage of succession, after fire or man-made destruction, the secondary forest is mainly composed of a pioneer tree species, Pinus tabuliformis. With secondary succession, in the middle stage, some broadleaved trees begin to move in gradually, mainly Populus davidiana Dode. and Betula platyphylla Suk. In the climax community stage of succession, Quercus tree species become dominant. Many previous studies have indicated that these three stages form a representative sequence in the Ziwuling forests on the Loess Plateau of China [14, 36, 37] . Based on this sequence, the pure Pinus tabuliformis forest (PF), pine-broadleaved mixed forest (PBF) and Quercus-broadleaved mixed forest (QBF), representing the early, middle and climax stages of succession, respectively, were chosen in this forest region. We selected 49 plots that had not been disturbed artificially in recent decades. These plots were established as long-term monitoring sites by team members between 2004 and 2016 and consisted of 18 replicates for the PF, 19 for the PBF, and 12 for the QBF. Each plot was 20 m × 30 m. The distance between plots in the same succession stage was greater than 0.1 km, and the distance between stands of the three succession stages was greater than 5 km.
Vegetation Biomass
In July 2016, all 49 plots in the three stages of succession were investigated, and the forest type, stand age, canopy density, stand density, elevation, slope, soil type and community structure were recorded ( Table 1 ). The field measurement followed the protocol of "Observation Methodology for Long-term Forest Ecosystem Research" of the National Standards of the People's Republic of China [38] . The diameter at breast height (DBH) and height were measured for all trees with a DBH greater than 5 cm in each plot. The tree biomass was quantified by species-specific allometric biomass equations ( Table 2 ). The understory vegetation (shrub and herb) biomass was estimated by full excavation methods. Three 5 m × 5 m shrub subplots were randomly selected in each sample plot. One 1 m × 1 m herb quadrat was randomly selected within every subplot. Shrubs were harvested and separated into leaves, branches, and roots; herbs were harvested and separated into their aboveground and belowground components. The understory vegetation samples were transported to the laboratory and dried at 65 • C to constant weight for biomass and C fraction determinations. 
Fine Root Biomass, Litter and CWD Biomass
The fine root (<0.2 cm) biomass was measured using a soil corer (10 cm in diameter). Ten soil cores were excavated randomly at depths of 0-20 and 20-40 cm in every plot, packed separately into Ziplock plastic bags, and brought to the laboratory. In the laboratory, the root samples were separated from the soil by rinsing them with water. All fine root samples were oven-dried at 80 • C for 48 h followed by weighing [41] . The fine root biomass was the sum of the 0-20 cm and 20-40 cm fine root dry biomass.
To quantify the litter biomass on the surface, three 1 m × 1 m quadrats were randomly selected in each sample plot (same as the herb quadrats). All the litter and twigs (<2 cm diameter) in each quadrat were collected and brought to the laboratory to be oven-dried at 65 • C to a constant weight.
The CWD biomass was inventoried by its decay class in each sample plot. We assigned each piece of woody debris to one of five decay classes, which is outlined in Table 3 . The diameter at each end and the length of woody debris (≥2 cm diameter) were measured. When the woody debris intersected a plot boundary, we only measured the parts within the boundary. The volume of each piece of woody debris was calculated by the equation for the truncated volume [25] . The samples of each decay class were collected and oven-dried at 65 • C to a constant weight for calculating the wood densities (dry mass/ volume). The woody debris biomass is the product of the volume and decay class-specific densities. 
Soil Sampling
In each sample plot, nine drill points were randomly selected along the diagonal, and the surface litter of each point was cleared. Soil sampling was accomplished by a soil auger (5.0 cm in diameter) in five soil layers, 0-10, 10-20, 20-30, 30-50, and 50-100 cm, and soil samples collected in the same layer were combined. All soil samples were filtered with a 2 mm metal sieve. The roots and other debris were removed, and the samples were air-dried. Three bulk soil samples were also drilled in each soil layer using a soil core sampler (both 5.0 cm in diameter and height) and oven-dried at 105 • C to calculate the soil bulk density (g·cm −3 ).
Organic C Analysis and C Stock Calculation
The dried biological and soil samples of each component were ground and screened with a 2.5 mm metal sieve to analyse the organic C concentration with a C/N analyser (analytikjena Inc., Elementar, Germany).
The C stocks of the tree layer were calculated by the following formula:
where CS tree is the C stock of the tree layer (Mg·ha −1 ), i represents the stem, branch, foliage, and root (≥ 0.2 cm) components of the trees, j represents the different tree species, B i,j is the dry biomass of component i of tree species j per hectare (Mg·ha −1 ), and Cconc i,j is the C concentration of component i of tree species j. The C stocks of the shrub layer were calculated as follows:
where CS shrub is the C stock of the shrub layer (Mg·ha −1 ), i represents the foliage, branch, and root components, B i is the dry biomass of component i per hectare (Mg·ha −1 ), and Cconc i is the C concentration of component i. The C stocks of the herb layer were calculated as follows:
where CS herb is the C stock of the herb layer (Mg·ha where CS fine root is the C stock of the fine roots (Mg·ha −1 ), B fine root is the dry biomass of the fine roots per hectare (Mg·ha −1 ), and Cconc fine root is the C concentration of the fine roots. The C stocks of the litter layer were calculated as follows:
where CS litter is the C stock of the litter layer (Mg·ha −1 ), B litter is the dry biomass of the litter per hectare (Mg·ha −1 ), and Cconc litter is the C concentration of the litter. The C stocks of the CWD were calculated as follows:
where CS CWD is the C stock of the CWD (Mg·ha −1 ), i represents decay classes I, II, III, IV, and V, V i is the volume of CWD decay class i per hectare (m 3 ·ha −1 ), D i is the density of CWD decay class i (Mg·m −3 ), and Cconc i is the C concentration of CWD decay class i. The soil C stocks were calculated by the following formula:
where CS soil is the C stock of the soil (Mg·ha −1 ), i represents the 0-10, 10-20, 20-30, 30-50, and 50-100 cm soil layers, BD i is the soil bulk density of layer i (g·cm −3 ), Cconc i is the soil organic C concentration of layer i (g·kg −1 ), Ti is the soil thickness of layer i (cm), and η i is the volumetric percentage of the coarse soil fraction (i.e., >2 mm) of layer i. This item (η i ) was assigned a value of 0 in each soil layer because there were no more than 0.2 mm soil fractions in all the samples.
Statistical Analysis
All data were tested for normality by the Kolmogorov-Smirnov (K-S) method before analysis. One-way ANOVA was used to compare the differences in the biomass C stocks of the trees, shrubs, herbs, fine roots, litter and CWD in the different forest succession stages. The significance of the effects of the forest succession stages and soil depths on the soil C stocks was tested by multiple comparisons using Duncan's test. Values were considered significantly different at p < 0.05. All statistical tests were conducted in SPSS 22.0 for Windows (SPSS Inc., 2018, Chicago, IL, USA).
Results
Vegetation Biomass Carbon Stocks
The tree biomass carbon stock (including the stems, branches, foliage and roots) in the QBF (108.38 Mg·ha −1 ) was significantly greater than that in the PBF (86.18 Mg·ha −1 ) and the PF (62.27 Mg·ha −1 ) (Figure 2A ). In contrast, the shrub biomass carbon stock in the QBF (0.35 Mg·ha −1 ) was significantly lower than that in the PBF (0.51 Mg·ha −1 ) and the PF (0.76 Mg·ha −1 ) ( Figure 2B ). The herb biomass carbon stocks in the QBF (0.01 Mg·ha −1 ) and PBF (0.01 Mg·ha −1 ) were significantly lower than that in the PF (0.02 Mg·ha −1 ) ( Figure 2C ). The increases in the tree C stocks were much greater than the decreases in the shrub and herbaceous C stocks, resulting in a significant increase (from 63.05, 86.70 and 108.73 Mg·ha −1 in the PF, PBF and QBF, respectively) in the vegetation carbon stocks throughout the development of the forests ( Figure 2D ).
( Figure 2B ). The herb biomass carbon stocks in the QBF (0.01 Mg·ha −1 ) and PBF (0.01 Mg·ha −1 ) were significantly lower than that in the PF (0.02 Mg·ha −1 ) ( Figure 2C ). The increases in the tree C stocks were much greater than the decreases in the shrub and herbaceous C stocks, resulting in a significant increase (from 63.05, 86.70 and 108.73 Mg·ha −1 in the PF, PBF and QBF, respectively) in the vegetation carbon stocks throughout the development of the forests ( Figure 2D) . 
Fine Roots, Litter and CWD Carbon Stocks
The fine root biomass carbon stock in the QBF (6.82 Mg·ha −1 ) was significantly greater than that in the PBF (4.92 Mg·ha −1 ) and the PF (4.53 Mg·ha −1 ) (Figure 3 ). The litter carbon stocks in the QBF (8.18 Mg·ha −1 ) was significantly greater than that in the PBF (6.67 Mg·ha −1 ) and the PF (6.15 Mg·ha −1 ). In contrast, the CWD carbon stocks in the QBF (0.34 Mg·ha −1 ) and the PBF (0.47 Mg·ha −1 ) were significantly lower than that in the PF (1.14 Mg·ha −1 ). The increase in the fine root and litter carbon stocks was greater than the decrease in the CWD carbon stock with secondary succession, resulting in more intermediate matter (sum of fine roots, litter and CWD) carbon stocks in the QBF (15.34 Mg·ha −1 ) than in the PBF (12.06 Mg·ha −1 ) and the PF (11.82 Mg·ha −1 ). stocks in the QBF (8.18 Mg·ha −1 ) was significantly greater than that in the PBF (6.67 Mg·ha −1 ) and the PF (6.15 Mg·ha −1 ). In contrast, the CWD carbon stocks in the QBF (0.34 Mg·ha −1 ) and the PBF (0.47 Mg·ha −1 ) were significantly lower than that in the PF (1.14 Mg·ha −1 ). The increase in the fine root and litter carbon stocks was greater than the decrease in the CWD carbon stock with secondary succession, resulting in more intermediate matter (sum of fine roots, litter and CWD) carbon stocks in the QBF (15.34 Mg·ha −1 ) than in the PBF (12.06 Mg·ha −1 ) and the PF (11.82 Mg·ha −1 ). 
Soil Carbon Stocks
The soil C stock in the QBF (113.88 Mg·ha 
The soil C stock in the QBF (113.88 Mg·ha −1 ) was significantly greater than that in the PBF (97.15 Mg·ha −1 ) and the PF (90.38 Mg·ha −1 ), but there was no significant difference between the PBF and the PF (Figure 4 
Ecosystem Carbon Stocks
The ecosystem C stock in the QBF (237.96 Mg·ha −1 ) was significantly greater than that in the PBF (195.91 Mg·ha −1 ) and the PF (165.25 Mg·ha −1 ) ( Figure 5A ). Soil and vegetation biomass were the two largest contributors to the ecosystem C pool. The soil carbon stocks contributed 54.69%, 49.59% and 47.86% of the ecosystem C stocks in the PF, PBF and QBF, respectively, 
The ecosystem C stock in the QBF (237.96 Mg·ha −1 ) was significantly greater than that in the PBF (195.91 Mg·ha −1 ) and the PF (165.25 Mg·ha −1 ) ( Figure 5A ). Soil and vegetation biomass were the two largest contributors to the ecosystem C pool. The soil carbon stocks contributed 54.69%, 49.59% and 47.86% of the ecosystem C stocks in the PF, PBF and QBF, respectively, and showed a declining trend with forest secondary succession ( Figure 5B) . The vegetation biomass carbon stock contributed 38.15%, 44.25% and 45.70% of the ecosystem C stock to the PF, PBF and QBF, respectively, and showed an increasing trend with forest growth. As shown in Figure 5B , the contribution of soil and vegetation to the ecosystem C stocks seem to be gradually coming into balance (46.78% each in the QBF) with the forest secondary succession. The fine root, litter and CWD carbon stocks contributed a small portion (average 6.59%) to the ecosystem, and there was no significant variation in their contributions in the PF, PBF and QBF. 
Discussion
In the current study, a gradual increase in the vegetation biomass carbon stocks was observed throughout forest succession in the central Loess Plateau of China. Previous researchers found similar results that forest restoration favours biomass carbon accumulation. Risch et al. [42] reported that long-term secondary forest succession of mountain pine would lead to a mean increase in C stocks of 120 Mg C·ha −1 and a mean yearly C sequestration rate of 0.76 Mg C·ha −1 . Furthermore, Wang and Epstein [43] proposed that successional ecosystems are carbon sources at the beginning of secondary succession and then become carbon sinks, and the switching point is approximately between 5 and 19 years following agricultural abandonment.
The tree biomass C stocks accounting for a considerable proportion (> 98.77%) of the vegetation biomass C stocks in our study and directly determined the changes in vegetation biomass C stocks. The tree biomass C stocks ranged from 62.27 to 108.38 Mg·ha −1 , which is well within the tree biomass C stock ranges (26-286 Mg·ha −1 ) reported for subtropical forests [44] [45] [46] and much higher than the average C stocks (57.07 Mg·ha −1 ) of forest vegetation in China [47, 48] . However, the mean tree biomass C stocks (85.61 Mg·ha −1 ) was at a very low carbon stock level for subtropical evergreen broadleaved forest (84-128 Mg·ha −1 ) [49] . This indicates that the forest in our study region still has great carbon sink potential.
Understory play a very important role in nutrient cycling and biodiversity, and their nutrient turnover efficiency is much faster than that of trees, although they contribute a very small proportion to ecosystem C stocks. This contribution is particularly important in early stages of secondary succession forest with relatively simple structures. Consistent with this, we found the highest carbon stock in PF and their C stocks declined with forest succession. 
In the current study, a gradual increase in the vegetation biomass carbon stocks was observed throughout forest succession in the central Loess Plateau of China. Previous researchers found similar results that forest restoration favours biomass carbon accumulation. Risch et al. [42] reported that long-term secondary forest succession of mountain pine would lead to a mean increase in C stocks of 120 Mg C·ha −1 and a mean yearly C sequestration rate of 0.76 Mg C·ha −1 . Furthermore, Wang and Epstein [43] proposed that successional ecosystems are carbon sources at the beginning of secondary succession and then become carbon sinks, and the switching point is approximately between 5 and 19 years following agricultural abandonment.
The tree biomass C stocks accounting for a considerable proportion (>98.77%) of the vegetation biomass C stocks in our study and directly determined the changes in vegetation biomass C stocks. The tree biomass C stocks ranged from 62.27 to 108.38 Mg·ha −1 , which is well within the tree biomass C stock ranges (26-286 Mg·ha −1 ) reported for subtropical forests [44] [45] [46] and much higher than the average C stocks (57.07 Mg·ha −1 ) of forest vegetation in China [47, 48] . However, the mean tree biomass C stocks (85.61 Mg·ha −1 ) was at a very low carbon stock level for subtropical evergreen broadleaved forest (84-128 Mg·ha −1 ) [49] . This indicates that the forest in our study region still has great carbon sink potential.
Understory play a very important role in nutrient cycling and biodiversity, and their nutrient turnover efficiency is much faster than that of trees, although they contribute a very small proportion to ecosystem C stocks. This contribution is particularly important in early stages of secondary succession forest with relatively simple structures. Consistent with this, we found the highest carbon stock in PF and their C stocks declined with forest succession. There are three possible reasons for this downward trend. First, the increased tree canopy and tree density with forest succession constrains the standing crop of understory plants [50] . Second, canopy closure prevents sunlight from reaching understory plants [51, 52] and the photosynthesis of understory plants is suppressed, and the biomass C accumulation decreases. Third, canopy closure contributes to lower ambient temperatures that cause a relatively high metabolic rate of understory plants, resulting in lower biomass C accumulation [53] .
Similar to understory plants, fine roots, litter and CWD contribute more to the C turnover than to C accumulation. In this study, the litter and CWD carbon stocks in our study ranged from 7.14 to 8.52 Mg·ha −1 , which were much higher than the values reported for subtropical forests (2.7-4.7 Mg·ha −1 ) in China [46] . The litter C stocks increased with the secondary succession, which mainly attributed to deciduous tree species usually have a higher annual production of litter than coniferous tree species [15, 54] . The CWD carbon stocks showed a decreasing trend, which results from the decomposition and a lower production of CWD at the climax stages than early succession stages of intense competition. Fine roots are major contributors of C inputs to soil, directly determining the carbon turnover rate [46] . Moreover, we found that the fine root and litter C stocks increased significantly only in the climax community (the QBF), and the ecosystem carbon turnover rate was also highest at this time. Therefore, if the top-level community cannot succeed, the carbon sink function of the forest ecosystem will be low-efficiency. So we can take forest management measures to accelerate secondary succession to achieve their efficient carbon sink function.
In our study, the soil C stock ranged from 90.38 to 113.88 Mg·ha −1 , which was lower than the average value (158.10 Mg·ha −1 ) of local broadleaf forest soil [55] . Therefore, the soil in the central Loess Plateau still has a great carbon sink potential under secondary succession. Our study demonstrated the C sink effect of forest soil in secondary succession, which was also found in other studies [14, 56] . Continuous carbon input from the fine roots and litter is the main factor causing soil C sequestration [57] . Generally, the soil depth is fixed, meaning that C stocks are determined by soil organic carbon (SOC) and soil BD. On the Loess Plateau, Deng et al. [14] reported that the soil BD did not significantly vary and the SOC became the only factor affecting the soil C stocks. Moreover, the SOC was positively correlated with long-term vegetation restoration due to its ability to reduce soil erosion [18] . This explains why soil carbon stocks increase with secondary succession. Moreover, an improved soil environment can induce the colonization and establishment of plant species [55] . In addition, we found that the soil C stocks were higher in the upper (0-50 cm) than in the lower (50-100 cm) layer, and the increments most obviously occurred in the 0-10 cm layer. This was attributed to significant amounts of organic matter added to the topsoil by the decomposition of the microbial community in the litter layer.
The mean ecosystem C stocks in the succession sequence of the central Loess Plateau is about 201.61 Mg·ha −1 , which is lower than the average value for China of 258.83 Mg·ha −1 [48] . Ecosystem C stocks significantly increase with the secondary succession. Tang and Li [58] believe that ecosystem C stocks are largely influenced by tree species composition. Deciduous tree species can accumulate more C than coniferous tree species due to their higher wood density [59] . Moreover, deciduous tree species usually have a higher litter production and a faster litter decomposition rate than conifer species, whose leaf contains lower concentrations of soluble carbohydrates and higher concentrations of lignin [60] . In addition, deciduous tree species with the high light transmission can provide a favourable soil temperature for decomposers to speed up carbon turnover [61] . The ecosystem C stocks are mainly determined by the magnitude of vegetation and the soil carbon pool. The C contribution to ecosystem of the two tends to reach equilibrium at the climax stages of succession, due to regulation by fine roots and litter [50] . Consequently, forest succession to the climax stage, mainly deciduous tree species composition in the central Loess Plateau, can maximize the ecosystem C stocks and C turnover rate. Therefore, it is necessary to continue to strengthen forest protection and expand the period and scope of forest protection in the Loess Plateau.
Conclusions
We obtained comprehensive carbon stocks results of secondary forests at different succession stages in the central Loess Plateau of China. These results provide evidence that the secondary forests succession of the Loess Plateau reduce atmospheric CO 2 . According to the 8th National Forest Inventory, the total carbon stocks of forest in China were 8.43 billion tons [32] , and the contribution of secondary forests on the Loess Plateau to the national forest carbon stocks is approximately 1.5%. In addition, we identified the carbon stocks contribution of each component of the forest ecosystem, which provide important information for the implementation of secondary forest restoration management and carbon emission reduction measures on the Loess Plateau. 
